Cite this Article as: V. Vetrivelan, Spectra, electronic properties, biological activities and molecular docking investigation on sulfonamide derivative compound: an experimental and computational approach, J. Nanosci. The title compound methyl (2E)-2-{[N-(2-formylphenyl)-4-methylbenzene sulfonamido] methyl}-3-phenylprop-2-enoate (MFMSPE) is a derivative of sulfonamide. FT-IR spectra of MFMSPE in the solid phase were recorded and analyzed. The optimized geometry and vibrational wave numbers were computed using DFT/B3LYP method with aid of 6-311++G (d,p) basis set. Stability of the molecule arising from hyper conjugative interactions, charge delocalization has been analyzed using natural bond orbital (NBO) analysis. The calculated HOMO and LUMO energies confirm that charge transfer occurs within the molecule. Molecular electrostatic potentials (MEP) was carried out at and interpreted. To recognize the biological activity of MFMSPE, molecular docking was done to recognize the hydrogen bond lengths and binding energy with antibacterial protein (1KE4).
Introduction
Sulfonamides are the primary economical chemotherapeutic agents used for several years to heal or avoid general microorganism infections. It plays an important role as key constituent in range of biologically active molecules. Sulfonamides are showing associate degree ample form of biological activities such as antibacterial [1] , antifungal [2] , antiinflamatory [3] , anti HIV [4] and antitubercular activities [5] . Because of wide-ranging multiplicity of biological importance of the sulfonamides, synthesis of several substituted sulfonamides, their crystal structure, physical, chemical and biochemical studies has become interesting field in research. The MFMSPE compound is one alike organic compound that follows to the sulfa drug family. Literature survey reveals that to the best of my knowledge, there is no DFT, vibrational assignments, MEP, HOMO-LUMO, antimicrobial and molecular docking studies for the title compound MFMSPE. Considering these biological importance of MFMSPE, this work is primarily focused to the complete structural behavior of the molecule. FT-IR spectra of MFMSPE have been reported together with the vibrational assignments supported by PED. HOMO-LUMO study has been performed which aid to clarify charge transfer occurring in the molecule. Docking investigation has been executed to find out the hydrogen bond lengths, binding energy and drug activity of title compound.
Experimental Methods

Characterization
All of the chemical reagents and solvents were purchased from commercially available suppliers and used without further purification. FT-IR spectrum was obtained in the region 4000-400 cm -1 using Shimadzu FT-IR 8400 spectrophotometer. The anti-microbial activity of MFMSPE was screened against gram negative & positive bacterial strains and fungal strains. All the antimicrobial studies were done by using Kirby-Bauer disc diffusion method as per CLSI M38-A guidelines. The standard antibiotic such as ciprofloxacin (25 µg) and amphotericin-B (20 µg) was used as a positive control to execute the antibacterial and antifungal activity. The solution of MFMSPE in DMSO at various concentrations of 25, 50 and 75 µg/mL were examined against the bacterial and fungal strains.
Computational Details
Entire theoretical calculations of MFMSPE were work out by DFT/B3LYP method with 6-311++G (d,p) basis set using Gaussian 09 software package [6] . Gauss view molecular visualization program [7] is used to visualize the geometry structure. The theoretical vibrational assignments were interpreted by means of PED (Potential Energy Distribution) using VEDA 4 program [8] . Molecular docking studies give vital details about orientation of MFMSPE (ligand) which regulate the binding affinity between the ligand and their protein target. Molecular docking studies were carried out using Auto Dock 4.2 software [9] .
Results and Discussion
Molecular Geometry
The numbering system adopted within the molecular structure of MFMSPE is obtained from Gaussian 09W and GaussView 5.0 programs are shown in Fig. 1 . The bond parameters (bond length, bond angles and torsional angles) of the MFMSPE molecules are listed in Table 1 using DFT/B3LYP method with 6-311++G (d,p) basis set. From the computed values, it is found that almost all of the optimized molecular bond lengths are slightly beyond the experimental values because of the very fact that the theoretical calculations were applied isolated molecule in the gas phase and the experimental XRD results were applied within the solid state. Table 3 Second order perturbation theory analysis of fock matrix in NBO basis for MFMSPE 
Vibrational Analysis
Vibrational spectroscopy is employed extensively in organic chemistry for the identification of functional groups of organic compounds, the study of molecular confirmations, kinetics, reaction etc. The title molecule consists of 55 atoms, which has 159 normal modes of vibration. PED was computed for every normal mode among the symmetry coordinates of the molecule. Based on the computed PED values and FT-IR intensities activities a detailed assignment of the fundamentals was suggested. All the theoretical vibrational assignments of MFMSPE were computed using VEDA 4 program and interpreted with PED analysis. The vibrational wavenumbers were computed by DFT/B3LYP method with 6-311++G (d, p) basis set. The selected experimentally observed and theoretically calculated vibrational wavenumbers were compared and reflected in Table 2 . The computed vibrational wavenumbers atB3LYP/6-311G++(d,p) level were scaled by 0.961 so as to correct the theoretical error during this work. The comparison of experimental and theoretical FT-IR spectra is shown in Fig. 2 . The C-H stretching vibrations of ring are within the region 3080-3010 cm -1 that is that the characteristic region for the identification of C-H stretching vibration [11] . The bands are not affected during region because of the character of substituents. The C-H stretching vibrations of MFMSPE are computed within the range of 3058-2944 cm -1 in FT-IR spectrum.
C-H stretching spectral position of methyl radical and methylene radical teams is at lower frequencies than those of aromatic C-H ring stretching.CH3 and CH2 asymmetric and symmetric stretching vibrations are typically ascertained within the region 3100-2900 cm -1 and 2900-2800 cm -1 respectively [12] . CH3 asymmetric and symmetric stretching vibrations are ascertained at 2989 and 2775 cm -1 in IR, respectively, with major PED contribution of 99% as shown in Table 2 . CH3 asymmetric and symmetric bending vibrations unremarkably seem within region 1470-1440 cm -1 and 1390-1370 cm -1 respectively. Asymmetric bending vibration is ascertained at 1469 in IR as a medium band whereas symmetric bending vibration is ascertained at 1343 in IR as a medium band. The observed values are in good agreement with the scaled values as listed in Table 2 .
C=O stretching band seems powerfully within the region 1870-1540 cm −1 within which the position of C=O stretching band depends on the physical state, electronic and mass effects of the neighboring substituents, conjugations, intra and intermolecular hydrogen bonding. In MFMSPE, the terribly strong absorptions at 1743 cm -1 in IR is allotted to C=O stretching modes. From the above results, it is found that the intensities of these bands are terribly high and also the computed values of the force constants are terribly large. Such intense IR absorption bands are ascertained because of the very fact that, the multiple bonded carbonyl groups is highly polar. Obviously, these modes are pure stretching modes that are evident from the PED column and the PED values support the experimental values. In-plane and out-of-plane bending vibrations have conjointly been known and listed in Table 2 .
The symmetric and asymmetric SO2 stretching vibrations belong to the region 1150-1125cm -1 and 1330-1295 cm -1 , respectively [13] . In MFMSPE, a band in FT-IR spectrum at 1291 cm -1 is selected to SO2 stretching mode and computed wave number at 1294cm -1 with PED contribution of 49%. The region of the SO2 scissoring (560±40 cm -1 ) which of SO2 wagging vibration (500±55 cm -1 ) partially overlap; the two vibrations show distinctly [14] . In the present study, FT-IR band ascertained at 548 cm -1 is allotted to SO2 scissoring. The theoretically calculated values at 565 and 527 cm -1 are selected to SO2 scissoring and wagging vibrations, respectively.
Donor-Acceptor Interactions (NBO Analysis)
Natural Bond Orbital (NBO) analysis utilizes an additional refined scheme that uses the thought of natural orbitals and occupation-based symmetric orthogonalization that results in additional strong results. The NBO analysis has been performed for MFMSPE using DFT/B3LYP/6-311++G (d, p) level, that explains the second-order interactions between filled-orbital of one sub-system and vacant orbital of another sub-system. The NBO analysis assesses intermolecular delocalization or hyper conjugation of the system. The second-order Fock matrix [15] was introduced for the donor-acceptor interactions. The second order perturbation theory analysis of Fock-matrix in NBO basis for MFMSPE is shown in Table 3 . This technique is additionally wont to analyze the interaction between each filled and virtual orbital areas that strengthen the analysis of intra molecular interactions. Due to these intense interactions, there is loss of occupancy from localized Lewis orbital to an empty non-Lewis orbital. The NBO analysis provides the electronic density distribution on atoms and bonds. It is clear from Table 3 that the solid intermolecular hyper conjugative interaction of the π and σ electrons of C-C to the anti-bond C-C of the ring is accountable for the stabilization of certain part of the ring.
HOMO-LUMO Analysis
There are 2 sets of energy levels for α and β electrons having opposite spins that correspond to cations and anions. Theα molecular orbitals are HOMO (highest occupied molecular orbitals) and β molecular orbitals are LUMO (Lowest unoccupied molecular orbitals). These Frontier molecular orbitals (HOMO and LUMO) have vital role to check concerning optical, electrical properties, quantum chemistry and UV-Vis spectra [16] . The stability of the compound, chemical and spectroscopic studies is represented by the HOMO -LUMO energy gap.
In view of this, the frontier electron density describes numerous sorts of reactions in coupled systems and additionally computing the foremost necessary reactive sites in π-electron systems. The energy gap is that the outcome of intra molecular charge transfer from electron donor groups to the acceptor groups through π-conjugated orbit. Higher EHOMO value indicates that the molecules have a lot of tendencies to donate electrons. On the other hand, lower the value of ELUMO suggests that molecules have a lot of tendencies to simply accept electrons. The FMO energy values are used to compute the electronic band gaps and therefore the chemical reactions of the compound MFMSPE. The HOMO and LUMO plot and its energy gap is shown in Fig. 3 . The computed HOMO and LUMO values for MFMSPE are -6.6956 eV and -2.2049 eV and therefore the energy gap was calculated as 4.4907 eV respectively. The lower energy gap value of MFMSPE describes the intra molecular charge that induces chemical and biological activities. MFMSPE were computed using DFT method with B3LYP/6-311++G (d,p) basis set and the corresponding values are recorded in the Table 4 . These descriptors have been computed using HOMO and LUMO energy values of MFMSPE. 
Molecular Electrostatic Potential (MEP)
MEP analysis describes the electrophilic attack, nucleophilic reaction and hydrogen bonding interactions of the molecule. The shape, size, charge, density and reactive sites of the molecule are described by an electron density isosurface mapped with electro potential surface. MEPs map and contour plot of MFMSPE created at optimized geometry of compound using Gauss view 5.0 program is shown in Figs. 4 and 5 . The Fig.  4 shows that the scrutinized molecule has several possible sites of electrophilic and nucleophilic attack. The deepest blue indicating extremely electron deficient region and deepest red indicating electron rich region are shown in Fig. 4 . The obtained MEP map shows that the positive potential sites are around hydrogen (H) atoms and the negative potential sites are on oxygen (O) and nitrogen (N) atoms. These active sites found to be clear evidence of biological activity in MFMSPE. 
Interpretation of Antimicrobial Activity
The anti-microbial activity of MFMSPE was tested using in-vitro disc diffusion method against gram negative & positive bacterial strains and fungal strains. The standard antibiotic such as Ciprofloxacin (25 µg) and amphotericin-B (20 µg) was used as a positive control to perform the antibacterial and antifungal activity.
The target compound MFMSPE showed antimicrobial activity at different concentrations against bacterial and fungal pathogens and are shown in Table 5 . As a result, the compound MFMSPE detected as an essential antibacterial drug. The results obtained from the antimicrobial activity of MFMSPE verified the molecular docking result. 
Molecular Docking
Molecular docking was performed against 1KE4 and its purpose is to estimate the binding modalities of MFMSPE. Hydrogen bonding plays an important role in the structure and function of biological molecules, the ligand-receptor interactions were inspected on the basis of hydrogen bonding. Table 6 showed the corresponding binding energy, interactions, distance and the bonding type. It is evident from Table 6 , the synthesized ligand molecule MFMSPE is tightly fitted with the active position of 1KE4 with very good binding energy -4.64 kcal/mol as shown in Fig. 6 . 
Conclusion
Methyl (2E)-2-{[N-(2-formylphenyl)-4-methylbenzene sulfonamido] methyl}-3-phenylprop-2-enoate (MFMSPE) was characterized by FTIR. The geometric parameters, vibrational frequencies MFMSPE have been computed using DFT/B3LYP method with 6-311++G(d,p) as basis set and are in good agreement with the experimental results. NBO analysis result shows that electron density(ED) in the π* and σ* antibonding orbitals and second order delocalization energies E(2) prove the occurrence of intra molecular charge transfer (ICT) within the molecule and causing stability of the molecule. The lowering of the HOMO-LUMO energy gap value has extensive influence on the intra molecular charge transfer and bioactivity of the molecules. Molecular docking of the title compound is also reported due to the different biological activity of MFMSPE. Therefore, we hope the results of this present study will facilitate researchers to explore and synthesize of new compounds.
